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Detailed Description of the Invention 

This invention is related to the method of making the synthetic fiber consisting of the 
mixed composition of polyamide and polyester. 

Objective of this invention is to improve the process operability in the melt spinning of 
the mixture composition of polyamide - polyester and to provide the fiber of large streng- 
th and high Yotmg's modulus. 

The fibers which are obtained from the linear polyamide such as poly - £ - capro amide 
(hereinafter, this is abbreviated as nylon 6) and poly hexa methylene adipamide (herein- 
after, this is abbreviated as nylon 66) have excellent strength and dyeability and so they 
are used widely in industry and for apparel But, on the other hand, they have the short- 
comings of low Young's modulus and insuflScient dimensional stability. 

Because of this, for example when used as the tire reinforcing cord, it is said to cause 
the drop in tire uniformity and the flat spotting phenomenon and, when used in apparel or 
carpet, it is difficult to make the fabric or knit product that has the firmness. 

On the other hand, the fiber that is obtained from the linear polyester such as poly 
ethylene tere phthalate (hereinafter, this is abbreviated as PET), has high Young's 
modulus and good dimensional stability and it can be easily mix-spun with other fibers 
but there are problems related to the dyeability and the adhesion with other materials. 
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For this reason, it has been desired to make a synthetic fiber that has the merits of 
polyamide and polyester and compensates the shortcomings of each other, i.e. has high 
strength and high Young's modulus, good dimensional stability and rich dyeability and 
has good adhesion characteristics also. Thus, in the past, various attempts were made. For 
example, polyamide and polyester were mixed in molten state to a weight ratio of 90:10 - 
50:50 and, by conducting the spinning and drawing, it was attempted to obtain the fiber 
that has the characteristics of lx>th fibers and this method (JP No. 26208 - 1965) is well 
known. 

However, polyamide has poor miscibility v^th polyester and also, between the poly- 
amide and polyester, chemical reaction occurs and so it is difiScult to conduct a good melt 
spinning of the mixtiire. Furthermore, even if the spinning and drawing were possible, 
one can not obtain the fiber that has the targeted high strength and high Young's modu- 
lus. 

In general, the melt spinning of the polymer mixture that is mutually immiscible in the 
molten state is diflScult because of the non-homogeneity of the spinning fluid. The poly- 
anaide such as nylon 6, nylon 66 and the polyester such as PET are actualfy immiscible 
and so, in the sense that was mentioned above, the melt spinning of the mixture of said 
polyamide and said polyester requires a technology of a high level. 

Another fector that makes the melt spinning of the mbcture of polyamide and polyester 
more complex and diflScult is that, between the polyamide and polyester, chemical reac- 
tion occurs and that, fiirthermore, the reaction products give large influences on the spin- 
niag process operability and on the physical properties of the fiber that is obtained final- 
ly. When the poly^naide and polyester are mixed in the molten state (hereinafter, this is 
sometin^ abbreviates as the melt mixing), a block polymer between the polyamide ^ 
polyester is generated due to the end amino group of the polyamide and, particularly in 
then case where there is little moistiu*e in the mbced composition, this tendency becomes 
more pronounced. And, at the time of spinning, such polymer causes continuous increase 
of the pressure that is applied to the die- filter assembly (hereinafter, this is sometimes 
abbreviated as the pack pressure) and, in a short time, this causes the spinning to be act- 
ually impossible or it causes the melting point depression of the fiber that is obtained 
finally or generates a weak structure in the fiber, causing the reduction in Gber properties 
such as the strength. 

On the other hand, the end carboxyl group of polyamide promotes the depolymerization 
of the mixed composite, particularly that of the polyester. Particularly when moisture is 
present in the mixed composition, this eflfect is assisted remarkably. For this reason, when 
the polyamide in which the ratio of carboxyl group among the total end group is large is 
melt mixed and spun, the yam non-uniformity is large even if the moistxire in mixed com- 
posite is kept small and so the yam breaking increases, making the spinning impossible in 
some cases; even if the spiiming can be conducted, the molecular weight of the fiber that 
is finally obtained, particularly that of the polyester component in it, becomes very small 
and the desired fiber of high strength and high Young's modulus can not be obtained. 
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The present inventors conducted repeated studies to eliminate the above described 
problems related to the spinning characteristics and fiber physical properties due to the 
moisture in the mixed composition and due to the said end amino group and the end 
carboxyl group in the melt mixing of the mixed composition of polyamide and polyester 
and spinning this to make the fiber and, as the result, found out that, if, as the polyamide 
component, one uses the polyamide in which the end consists of specific end group and 
conducts the spinning with moisture contained in the polyamide - polyester mixed 
composition adjusted immediately prior to the melt mixing, there are no rise of the back 
pressure or yam breaking during the spinning and the yam non-uniformity of the spun 
fiber becomes very small and so a smooth spinning can be achieved and, in addition, the 
fiber of very high strength and high Young's modulus can be obtained after the drawing. 
Thus, this invention was arrived at. 

Thus, this invention is characterized as follows: In the case of melt spinning of the 
mixed chip obtained by mixing the chips of polyamide and polyester to a weight ratio of 
90:10 - 60:40 or the mixed chip obtained by mixing a small amount of third polymer to 
this in the molten state, (a) As the said polyamide, one uses the linear polyamide in which 
the number of end amino group is less than 30 % of the total number of end groups and, 
also, the number of end carboxyl group is less than 55 % of the total number of end 
groups and the remaining end group is the inert residual group such as alkyl and allyl, (b) 
Furthermore, the ratio of the moisture contained in the said mixed chip to the total weight 
of each polymer con^onent (W wt %) is adjusted to the condition of satisfying the fol- 
lowing (1) and (2) simultaneously. 



C NHz ) 
C COOH ) 



(1) 



W*^ 0. 3 0 (2) 



(Here, [NH2], [COOH] indicate the number of milli equivalents of the end amino group 
and end carboxyl group, respectively, contained in 1 kg of the polyamide prior to the melt 
mixing.) 

The polyamide that is used in the method of this invention is the nylon 6 and nylon 66 
in which the ends are blocked a nd these polyamides can be made by adding specific 
amounts of mono carboxylic acid or mono carboxylic acid and mono amine at the time of 
polymerization initiation or in the middle. Or, to the polyamide in the molten state or in 
the state where it is dissolved in a suitable solvent, the mono carboxylic acid or the mono 
carboxylic acid derivative of ester, acid chloride, acid amide can be reacted also. In short, 
one can use any known optional method that would form the end in which mono carb- 
oxylic acid residual group or mono amine residual group is connected by the amide bond 
in the polyamide. Also, as for the mono carboxyUc acid or its derivative or mono amine 
or its derivative for use in making the end-blocked polyamide that is used in this inven- 
tion, one that is constructed with the alkyl group or allyl group that would not react in any 
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form with the amino group, carboxyl group or hydroxyl group or break the amide bond or 
ester bond or promote the break is preferred. As for the mono carboxyiic acid, examples 
are acetic acid, caproic acid, lauryl acid, benzoic acid and, as for the mono amine, 
examples are butyl, lauryl amine, stearyl amine. 

These polyamides have to be the linear polyamide in which the number of end amino 
group is less than 30 % of the total number of end groups, number of the end carboxyl 
group is less than 55 % of the total number of end groups, preferably less than 35 % and 
also the remaining end groups are the inert residual groups such as alkyl and allyl Thus, 
even if the number of end carboxyl group in the pofyamide being used is less than 55 %, 
if the number of end amino group exceeds 30 % of the total number of groups, the spin- 
nability of the melt mixture obtained by the melt mbdng with the polyester at the moist- 
ure content specified in this invention is good but the pack pressure keeps rising and, 
within a relatively short time, it exceeds the service liinit of the spinning apparatus and 
spinning becomes actually impossible, bringing serious trouble in the process operability 
at the melt spinning of an industrial scale. Also, with the fiber that is obtained by drawing 
the spxm fiber, the melting point depression is observable and, in addition, good physical 
properties are not exhibited and, in particular, the strength is small. 

Also, even if the number of end amino groups in the polyamide being used is less than 
30 % of the total nu|nber of end groups, in the case where the end carboxyl group ex- 
ceeds 55 % of the total nimiber of epd groups, for example in the case of using the poly- 
amide in which the end amino group is blocked by dicarboxylic acid, even by the spin- 
ning under the condition that would satisfy the condition of the moisture content speci- 
fied by this invention, there is much depolymerization of the melt mixture, particutorly 
the polyester component, and the viscosity of the melt blend becomes imstable and, as the 
residt, the yam non-uniformity at the spinning increases and, in the worst case, yam 
break occurs frequently, making the spinning impossible. Also, the fiber obtained after 
the drawing is not the one having high strength and high Yoxmg's modulus. 

On the other hand, the linear polyester that is used in this invention is the PET or the 
copolymerized polyethylene tere phthlate in which less than 20m mol % is substituted 
with other component, glycol component or oxy carboxyiic acid. 

Also, in the method of this invention, in order to improve the miscibility of polyamide 
and polyester, a small amount of a third polymer can be added to the said two compo- 
nents. 

As for this third component in the method of this invention, use of the polyamide which 
has the benzene nucleus by more than 20 mol % of the total constitutional components in 
the main chain is particularly notable. As for such polyamide, examples are poly oxyly- 
lene adipamide or e- caprolactam - hexa methylene tere phthal amide co-condensation 
polymer. If the said third component polymer is added to the mbcture of polyamide and 
polyester by 10 60 wt % of the polyester, better results are obtained ki terms of the 
spinning characteristics and fiber physical properties as was proposed already (Patent 
Application No. 14298 - 1967). But, in the case of mixing polyamide that is inert to the 
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polyester mentioned above, i.e. in the mixed composite which has little interaction, in 
macroscopic sense, between the non-miscible 2 components of polyamide - polyester in 
the molten state, the effect of addition of the third component polymer is observable 
particularly notably. 

Further, it also goes without saying that the said polyamide or polyester or the third 
polymer may contain various types of additives for enhancing the use value, i.e. the light 
and heat stabilizer, antioxidant, etc. without any problems. 

In the melt mixing of polyamide and polyester or of the polyamide, polyester and the 
third component polymer in the method of this invention, if polyester is less than 10 wt 
%, the Young's modulus of the fiber obtained can not be pulled up to a value that is 
sufficiently higher than that of polyamide and so the objective of this invention can not 
be achieved. Also, when the polyester exceeds 40^wtJ^,^^^ spinning characteristics goes 
poor and, at the same time, strength of the fiber drops rapidly, reaching much smaller 
value compared to that of the polyamide and so, again, objective of this invention can not 
be achieved. 

According to the method of this invention, the moisture content in the mixed chip 
obtained by mixing the above said components in the form of chips must be adjusted to 
satisfy the following conditions of (1), (2). 

Here, the mixed chip means the mixture of polyamide, polyester and the third conpo- 
nent polymer, all of which are in the form of solid polymer. In addition to the so called 
chip of cylindrical shape, rectangular or plate shape, the chip may contain the pulverized, 
minute particles also without any problem. 



5 J C COOH ] 



0. 3 0 (2) 

(In the above equations, W is the moisture content (wt %) with respect to the total weight 
of polyamide and polyester or with respect to the total weight of polyamide, polyester 
and the third component polymer) and [NH2], [COOH] indicate the number of milli equi- 
valents of end amino group and the end carboxyl group, respectively, contained in 1 kg of 
polyamide prior to the melt mixing.) 

Thus, in the case of using the said polymer composition, if the moisture content deviat- 
es fi-om the said condition, the yam breaking and yam non-uniformity at the spinning 
increase as in the case of using the polyamide containing large amoimt of end carboxyl 
group and, in most cases, spinning becomes practically impossible. 
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In the method of this invention, the composition that satisfies the above said conditions 
can me melt- mixed and spun by the common method. As for the apparatus that is used in 
the melt mixing and spinning, it is preferred to use the extruder type spinning apparatus 
that is commonly used in the melt spinning of polyamide for melt mixing and spinning 
but, as long as each component is mixed suflBciently homogeneously, one can use other 
knoNvn, optional melt mixing and spinning apparatus. 

By having the spim product further drawn and heat treated by the common method, the 
fiber of greater practical utility having high strength, high Young's modulus, good 
dimensional stability, rich dyeability and excellent adhesion characteristics is formed. 

In the following, the invention is explained in fiirther detail by the exanq^les of applica- 
tion but these examples of application do not limit the scope of this invention in any way. 
In the examples of application, [part] means the weight parts. Also, [TjjrtK: and [T|]ocp 
indicate, respectively, the intrinsic viscosity of polyamide at 35 deg C when dissolved in 
the refined meta cresol and the intrinsic viscosity of the polyester or the third component 
polymer at 35 deg C when dissolved in the refined ortho chloro phenoL 

Example of Application 1 

Directly to the e- caprolactam, the prescribed amount of acetic acid was added and the 
polymerization was conducted by the common method. After this, by de-monomerizing 
and drying, the unblocked nylon 6 (nylon a) and 2 types of nylon 6 (rrylon b, c) having 
acetyl group at the end with different concentration of the said acetyl group were prepar- 
ed. For these, the intrinsic viscosity [riJmc and the end group concentration, etc. are 
shown at the upper part of Table 1 . 

Next, to 75 parts of each of these nylon chips, respectively, 25 parts of the PET chip of 
[iljocp - 0.65 was added and, by mixing this suflSciently homogeneously by using the V- 
shaped blender, 3 types of mixed chips (Sample A, B, C) having a moisture content of 
about 0.13 wt % were prepared. 

These san^les were spun by using the extruder type melt spinning apparatus of cylin- 
der diameter of 65 mm and con:5>rising the filter section made of metal net and sand and 
the die section, under the condition of spinning temperature 285 deg C, and melt mixing 
time of 5 minutes and then, by drawing the spun fiber by using the hot plate of 190 deg 
C, the 1260 denier fiber consisting of 204 filaments was obtained. The yam quality of 
this undrawn yam at this time is shown at the lower part of Table 1 . In this case, in the 
case of spinning the mixed chip (sample A) using nylon a, the pack pressure continuously 
rose with the elapsing of spinning time and, after several hours, spinning had to be stopp- 
ed* The data related to the undrawn yam and drawn yam are those related to the fiber 
which was spun out until then* Also, in the case of spinning the mixed chip (sample C) by 
using the nylon c, drip occurred frequently and the spuming was barely possible but the 
drawing could not be conducted smoothly. 
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As to the mixed chip (sample B) for which nylon b was used, neither the rise of pack 
pressure nor the drip was observable and so the smooth spinning could be conducted 
stably. For each of the samples in this example, the moisture content that satisfied the 
said Equations (1), (2) is shown in Table 1 together with other data. 

In this example, the sample that satisfied all of the specifications of this invention 
regarding the ratio of the number of amino group and number of carboxyl group among 
the total number of end groups in nylon and the moisture content of mixed chip was 
sample B. Sample A did not satisfy the specification of this invention regardiQg the ratio 
of the amino group and the sample C did not satisfy that of the moisture content of mixed 
chip. Thus, it is seen that, only in the case where all of the conditions in the method of 
this invention were satisfied, the spinning characteristics was good and finally it was 
possible to obtain the fiber of high strength and high Young's modulus. 
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Table 1 . (Headings) 



LMixed chip sample No.; 2-8. Nylon; 2. Nylon No.; 3. Intrinsic viscosity de/g; 4. 
Amino group concentration, milli equivalents/ kg; 5. Carboxyl group concentration; 6, 
Acetyl group concentration; 7. Ratio of the amino group among the total number of end 
groups; 8. Ratio of the total number of end carboxyl groups; 9. Mixing ratio, nylon/ PET; 
10. Moisture content specified in the invention, vvt %; 11 . Moisture content at the time of 
spinning; 12. Undrawn yam, U %; 13 - 15. Drawn yam; 13. Elongation, % ;14. 
Strength, g/de; 15. Yoxmg's modulus, kg/ mm2; 



Example of Application 2 

In Example of Application 1, the mixed chip samples B, C were vacuxmi dried at 1 10- 
deg C under 0.1 niniHg and the moisture content was reduced to below 0.08 wt %. 

These S9iiq)les were spxm by using the same spinning apparatus under the same condi- 
tions as in Example of Application 1 and both of the samples B, C exhibited good spin- 
ning characteristics. The spxan fiber was drawn in the same way as in Exaii5)le of Appli- 
cation 1. The data at this time are shown in Table 2. Con5)ared to the san:q>le B in Exam- 
ple of Application 1, clearly in this exanq)le, the ssanph C satisfies the moisture content 
of the mixed chip specified in this invention and, as tie resuft, it is seen that the spinning 
characteristics was good. 
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l.Mixed chip sample No.; 2. Nylon No. ; 9. Mbdng ratio, N / PET; 10. Moisture content 
specified in the invention, wt %; 1 1. Moisture content at the time of spinning; 12. Un- 
drawn yam, U %; 13 - 15. Drawn yam; 13. Elongation, % ; 14. Strength, g/de; 15. 
Young's modulus, kg/ mm2. 



Example of Application 3. 



8 



To 8-capro lactam, a prescribed amount of sebacic acid and prescribed amounts of acetic 
acid and lauryl amine were added and polymerization was conducted by the normal 
method. After this, by de-monomerizing and drying, nylon 6 (nylon d, e, f) having small 
concentration of the end amino group and different concentrations of end carboxyl group 
were prepared. 

The intrinsic viscosity [T|]mc and the end group concentration are shown at the upper 
part of Table 3 together with those of nylon c in Example of Application L Also, in nylon 
e, f, the concentrations of end group originating from lauryl amine could not be directly 
determined quantitatively. But, vAth both of nylon e, f, the degree of polymerization was 
about same as nylon c and so the total end group concentrations in nylon e and f were re- 
garded as equal to the total end group concentration in nylon c. 
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1 .Mixed chip sample No.; 2-8. Nylon; 2. Nylon No.; 3. Intrinsic viscosity de/g; 4. 
Amino group concentration, milli equivalents/ kg; 5. Carboxyl group concentration; 6. 
Acetyl group concentration; 7. Ratio of the amino group among the total number of end 
groups; 8. Ratio of the total number of end carboxyl groups; 9. Mixing ratio, nylon/ PET; 
10. Moisture content specified in the invention, wt %; 1 1. Moisture content at the time of 
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spinning; 12, Undrawn yam, U %; 13 - 15, Drawn yam; 13. Elongation, % ;14. 
Strength, g/de; 15. Young's modulus, kg/ mm2; 



Next, to 75 parts of these nylon chips, respectively, 25 parts of the PET chip of [r|]ocp 
= 0.65 was added, by using a V-shaped blender, thoroughly uniform mixing was done 
and then the drying was done to prepare 4 types of mixed chips (samples D, C, E, F) 
having moisture content of less than 0.05 wt %. These samples were spun and drawn 
using the same apparatus xmder the same conditions as in Example of Application 1 to 
obtain the fiber of 204 filaments, 1260 denier. The data related to the undrawn yam and 
drawn yam are shown at the lower part of Table 3. Also, in this example, the moisture 
content that should satisfy the previously described equations (1), (2) shown in Table 3; 
all of the mixed chip san^les in this example satisfied this moisture content. Examining 
Table 3, it is seen that, even when the ratio of amino end group in the total end groups as 
the amide component is about same, a smaller ratio of carboxyl group in the total end 
group resulted in smaller yam non-uniformity at the spinning, greater strength and also 
greater Young's modulus of the drawn yam. 

Thus, in the cases where the ratio of polyamide component among the total end group 
exceeded 55 %, the yam non-xmiformity in spinning was large and the physical properties 
of the fiber obtained finally were not good. Also, in the cases where the ratio of the carb- 
oxyl group was less than 35 %, it is seen that particularly good spinning characteristics 
and physical properties were exhibited. 

Example of Application 4 

To 70 parts of nylon d, e, which were prepared in Example of Application 3, 
respectively, 30 parts of PET chips of hJocp = 0.90 was mbced thoroughly uniformly to 
prepare 3 types of mixed chips (sample G, H, I) having a moisture content of about 0.15 
wt %. 

These samples were spun by using the same apparatus imder the same condition as in 
Example of Application 1 . The results are shown in Table 4. 

In the case of the mixed chip (sample G) where nylon d was used, spinnability of the 
spun polymer was poor and spinning was entirely inq>ossible. Also, in the case of the 
mixed chip (sample H) using nylon e, drip occurred firequently and the process could not 
reach the drawing. 

On the other hand, in the case of the mixed chip (sample I) using nylon f, a smooth 
spinning was conducted. 

In this example, the moisture content that should satisfy the previously described 
equations (1 ), (2) is also shown in Table 4. It is seen that, even with the relatively large 
moisture content as in this example, one can conduct a good spinning when all of the 
conditions specified in this invention are satisfied. 
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LMixed chip sample No.; 2. Nylon No.; 9. Mixing ratio, nylon/ PET; 10. Moisture 
content specified in the invention, wt %; 1 1 . Moisture content at the time of spinning; 
11 Conditions at spinning; 12. Undrawn yam, U %; 



Rowir. 

G. Spinning impossible; H. Drip occurred; I. Good 
Example of Application 5 

To e-caprolactam, a prescribed amount of lauric acid was added and potymerization 
was conducted by the normal method and, by de-monomerizing and drying, nylon 6 chip 
of [Tijjnc = 1.42, [NH2] = 12.7 milli equivalents/ kg, [COOH] = 44.2 milli equivalents, 
kg ws prepared. The unblocked nylon 6 of the same degree of polymerization had [NH2] 
= 46.3 milli equivalents/ kg and [COOH] = 45.4 milli equivalents kg. Therefore, the 
ratios of amino group and carboxyl group in the total end groups of the said nylon 6 that 
blocked with lauric acid were calculated to be 13.9 % and 48.2 %, respectively. 

To 80 parts of this chip, 20 parts of the PET of [riJocp = 0.90 was added and mixed to 
thorough uniformity to obtain the 2'-component mixed chip (sample J). To the said mixed 
chip was added 5 parts of the chips of s- caprolacctam - hexa methylene tere phthal 
amide co-condensation polymer of [r|]ocp = 0.72, melting point of 250 deg C, and having 
a 27 mol % ratio of the benzene nucleus relative to the total constitution components and 
this was mbced to thorough uniformity to obtain the third component chip (sample K). 
These were dried to a moisture content of below 0.95 wt %. 

These samples were spun and drawn by using the same apparatus and under the same 
condition as in Example of Application 1 to obtain the fibers. The data related to the 
undrawn yam and drawn yam in this case are shown in Table 5. 
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The moisture content that should satisfy the previously described equations (1), (2) in 
this example are shovra in Table 5. Moisture content of all of the mixed chips in this 
example satisfied this condition. 

From Table 5, it is seen that, by the addition of the third component polymer, the poor- 
ness of miscibility of nylon 6 and PET was covered up and, as the result, the yam non- 
uniformity was reduced and both of the strength and modulus were improved. 
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LMixed chip sample No.; IB. Blend ratio, nylon/ PET/ third component polymer; 10. 
Moisture content specified in the invention, wt %; 11. Moisture content at the time of 
spinning; 12. Undrawn yam, U %; 13 15. Drawn yam; 13. Elongation, % ;14. 
Strength, g/de; 15. Young's modulus, kg/ mni2; 



Comparative Example 

The 3-component mixed chip (sample K) which was prepared in Example of Applica- 
tion 5 had a moisture content of 0. 1 38 % prior to the drying and this was direct^ spun 
by the same apparatus and xmder the same condition as in Example of Application 1 and 
the spinning was not possible because of many drips. 

As shown in Table 5, the moisture content that satisfies the above equations (1), (2) in 
this example is below 0.107 wt % and the end group concentration of nylon component 
satisfies the condition that is specified in the method of this invention and, also, the 
miscibility of nylon 6 and PET is covered. Thus, it is seen that, even in such a case, a 
smooth spinning can not be conducted when the moisture content of the mixed chip does 
not satisfy the above equations (1), (2), 

Claims of the Patent 
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Method of making polyamide - polyester - based synthetic fiber, the method being 
characterized as follows: 



In the process of melt- mixing the mixed chip obtained by mixing polyamide and 
polyester by the ratio of 90: 10 - 10:60 in the chip form, or the mixed chip obtained by 
adding a small amount of a third polymer to this, and melt spinning this, 

(a) As for the said polyamide, one uses the linear polyamide in which the number of 
end amino group is less than 30 % of the total number of end groups and then 
number of end carboxyl group is less than 55 % of the total number of end groups 
and the remainmg end groups are the mert residual groups such as alkyl, allyl, 

(b) Furthermore, the ratio (W wt %) of the moisture content contained in the said 
mixed ch^ with respect to the total weight of all polymer components is adjusted 
to the condition that satisfies the following equations (1), (2) simultaneously. 



(where, [NH2], [COOH] indicate the mmiber of miUi equivalents of the eiKi amino group 
and the end carboxyl group, respectively, contained in 1 kg of polyamide prior to the 
mixing). 




w 



^ 0. 3 0 



(2) 
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